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(57) ABSTRACT 

The invention relates to a method of producing rectifier parts 
which are made from a laminate composite material com 
prising reinforcing fibres that are embedded in a heat 
polymerised polyimide resin matrix. The aforementioned 
parts comprise an inner platform, an outer platform and at 
least one solid blade which connects said platforms. The 
invention is characterised in that it comprises the following 
steps consisting in: a) producing the essential parts of the 
platforms, blades and the blade/platform connecting Zones 
as separate structural elements, by stacking or winding 
layers of reinforcing fibres which have been impregnated 
with resin and which are used to form said structural 
elements, with the exception of the outer layers which form 
at least the boundary wall of the gas stream through the 
rectifier; b) imidizing separate structural elements; c) assem 
bling said separate imidized structural elements; d) adding 
the outer layers of reinforcing fibres which have been 
impregnated with resin in order to form the part; e) placing 
the part thus produced in a mould/counter-mould employing 
compression polymerisation; and f) polymerising the part by 
Subjecting same to compressive stresses. 
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METHOD OF PRODUCING POLYMIDE MATRIX 
COMPOSITE PARTS 

0001. The invention relates to the field of parts made of 
a high-temperature-resistant composite. Such as the Vanes of 
an inlet guide vane assembly on a turbojet, comprising 
reinforcing fibers embedded in a heat-curable resin matrix, 
said parts being able to have an outer platform, an inner 
platform and at least one full blade connecting said plat 
forms. 

0002 Composites based on carbon fibers and a heat 
curable resin matrix are being increasingly used for produc 
ing parts located in the cold regions of aviation turboma 
chines, especially those for military use. This is because 
Such composites exhibit excellent mechanical properties and 
have a much lower density than that of the metal alloys 
normally used. 
0003. The choice of resin type is made in particular 
according to the temperature to which the part will be 
Subjected under the normal operating conditions of the 
turbomachine. 

0004 The known RTM (resin transfer molding) process 
consists in placing the reinforcing fibers in a mold having the 
shape of the finished part, in injecting liquid resin under low 
pressure into the mold and in curing the resin maintained 
under pressure. This process allows a variety of different 
parts to be obtained. However, the organic resins employed 
with this process are of the epoxy/bismaleimide type and do 
not have a sufficient temperature resistance for application to 
these turbomachine parts. 
0005 Moreover, organic resins resistant to higher tem 
peratures exhibit insufficient flow before curing. 
0006. Therefore either sheets of fabric or unidirectional 
sheets, that is to say sheets in which the fibers are parallel 
and held in place relative to one another by the resin, are 
used to produce the part by drape molding, these fabrics or 
these fiber sheets being pre-impregnated with a resin resis 
tant to higher temperatures, on specific tools, and the curing 
operation is carried out in a mold allowing the part to be 
compressed. 
0007 French Application filed under No. FR 97/02 663 
proposes a method for producing thin-walled hollow parts 
made of a laminated composite based on a PMR 15 heat 
curable polyimide resin, PMR 15 being a trademark of the 
company Cytec. This method consists in producing a sili 
cone elastomer core which has the shape of the cavity of the 
part and can be destroyed at high temperature, in draping the 
core with at least one layer of prepreg fibers, in placing the 
core/prepreg-fiber assembly in a mold, in curing the resin 
under compression and then in demolding and removing the 
core. The mold comprises a female portion that Supports one 
of the walls of the part and a male portion that supports the 
other wall and is capable of sliding in the female portion 
during curing. The compression exerted by the mold during 
curing, combined with the thermal expansion of the silicone 
elastomer core, allows the composite to flow in order to 
reduce the porosity that results from air bubbles trapped 
between the fiber plies and also the gaseous emissions from 
the resin during curing, thereby expelling the excess resin 
and increasing the fiber density. 
0008. This method described in the above document 
applies to thin-walled hollow parts. 
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0009. As regards the production of engine casings made 
of a laminated composite, which have an outer platform, an 
inner platform and at least one full blade that joins said 
platforms, by curing in a single cycle, the gaseous emissions 
from the resin during the curing cycle would be too great to 
allow a satisfactory level of porosity to be achieved in the 
walls, owing to the large thickness of the walls constituting 
the blades and the platforms. This would in particular result 
in a poor surface finish, including that of the walls that define 
the stream of gas flowing through the guide vanes. Now, the 
surface finish is a factor that influences the efficiency of the 
guide vanes, and beyond, of turbomachines. 

0010. The amount of volatiles given off depends on the 
polyimide chosen. Now, for reasons of safety of operators 
working in manufacturing shops, it is a question of prohib 
iting the use of PMR 15 resin and of replacing it with other 
polyimides such as Avimid-R, Avimid-R being a trademark 
of Cytec, which give off even more volatiles than PMR 15 
during curing. 

0011. The object of the invention is to propose a method 
for producing the Vanes of inlet guide vane assemblies made 
of a polyimide-matrix composite, the walls of which, defin 
ing in particular the gas stream, exhibit a good Surface finish. 

0012. The invention is based on the fact that most of the 
Volatile gases are given off during the first temperature-rise 
phase of the curing cycle, during which phase the monomers 
combine to form Small and mutually independent systems 
(dimers and trimers), the formation of long and mutually 
crosslinked chains taking place during the following tem 
perature-rise phase, which is accompanied by Volatile gases 
being given off. 

0013 The method according to the invention is charac 
terized by the following steps: 

0014) a) the essential portions of the platforms, of the 
blades and of the blade/platform connection regions are 
produced, as separate structural elements, by Superpo 
sition or winding of the layers of prepreg fibers (rein 
forcing fibers preimpregnated with resin) that will 
constitute said structural elements with the exception of 
the external layers that have to form at least the 
boundary wall for the stream of gases flowing through 
the guide Vanes; 

0015 b) said separate structural elements are imidized: 

0016 c) said separate imidized structural elements are 
assembled; 

0017 d) the external layers of prepreg fibers are added 
in order to form the part; 

0018 e) the part thus formed is placed in a compres 
sion curing mold/contermold assembly; and 

0019 f) the part is cured by subjecting it to compres 
sive forces. 

0020. The term “imidized' is understood to mean that the 
separate structural elements are prepolymerized, that is to 
say said elements are heated according to an established 
temperature-rise law so as to fix the monomer system 
without creating covalent chains. During this imidization 
operation, most of the Volatile gases are eliminated. 
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0021. During step b), the elements to be imidized are 
placed in suitable molds, which molds allow the gases to be 
removed, allow the excess resin to flow out, and give the 
imidized parts their final form. 
0022. At the end of the imidization operation, the imi 
dized structural elements may have an imperfect Surface 
finish, which will be rectified during the curing step. 
0023 This is because the imidization step gives imidized 
elements having areas starved of resin essentially on the 
Surface. The addition and curing of the nonimidized prepreg 
layers makes it possible to moderate, or even eliminate, 
these flaws. 

0024. During the operation of curing the imidized ele 
ments that have been assembled and covered with fresh 
prepreg layers of Small thickness compared with the total 
thickness of the imidized elements, the Volatile gases ema 
nate from these nonimidized prepreg layers or are eliminated 
during the first temperature-rise phase, the excess resin from 
the external layers fills the pores of the preimidized struc 
tural elements which no longer give off any volatiles. During 
the second temperature-rise phase, which consists in the 
actual curing of the entire part, that is to say the creation of 
covalent chains throughout the part, there are almost no 
more volatile gases given off, and the part is Subjected to a 
high compression. This causes the resin to flow and results 
in a surface finish that conforms to the external layers added 
to the imidized structural elements. 

0.025 Advantageously, the external layers of fresh 
prepregs are added by draping the pressure side of a blade, 
and the adjacent portions of the internal faces of the plat 
forms, with first joining prepreg layers and by draping the 
Suction side of a blade, and the adjacent portions of the 
internal faces of the platforms, with second joining prepreg 
layers. 

0026. Thus, after curing under compression, these 
prepreg layers form plies exhibit excellent Surface finish and 
greatly stiffening the part produced. 

0027 Other advantages and features of the invention will 
emerge on reading the following description given by way 
of example and with reference to the appended drawings in 
which: 

0028 FIG. 1 is a cross section through a sector of an inlet 
guide vane assembly in a plane containing the axis of a 
turbomachine; 

0029 FIG. 2 is a front view of the sector of FIG. 1; 
0030 FIGS. 3 and 4 show, respectively, the tools and the 
stacking of prepreg layers in order to produce the essential 
structural portions of the inner and outer platforms; 
0031 FIG. 5 shows the production of a blade/platform 

join using a strip of prepreg, 

0032 FIG. 6 shows the tools used to imidize the blade/ 
platform joins; 

0033 FIG. 7 is a cross section on the line VII-VII of 
FIG. 6; 

0034 FIG. 8 shows the arrangement of the various tools 
in a bladder made of polyimide film, especially “Kapton' 
film, “Kapton' being a trademark of DuPont; 
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0035 FIG. 9 shows the temperature curve during the 
imidization operation; 
0036 FIG. 10 shows the temperature curves during the 
curing operation; and 

0037 FIG. 11 shows the layers of fresh material to be 
added to the pressure and suction sides of the blades. 
0038 FIGS. 1 and 2 show a one-piece compressor guide 
Vane sector 1 of an aviation turbomachine, made of a 
laminated composite comprising reinforcing fibers embed 
ded in a heat-cured resin. 

0039. This section 1 has two blades 2a and 2b that extend 
radially between an inner platform 3 and an outer platform 
4. The upstream edge 4a and downstream edge 4b of the 
outer platform 4 have a smaller thickness than the central 
portion of this platform 4. 

0040. The upstream edge 3a and downstream edge 3b of 
the inner platform 3 have a smaller radial dimension than 
that of the central portion. 
0041. The references 6a and 6b denote the regions where 
the blades 2a, 2b are joined to the inner and outer platforms 
3, 4. 

0042. According to the present invention, the sector 1 is 
made from several separate structural elements by Superpo 
sition or winding of unidirectional plies of fabrics of rein 
forcing fibers, especially carbon fibers, pre-impregnated 
with a heat-curable organic resin, especially a polyimide 
resin resistant to temperatures of around 300° C. 
0043. The outer platform 4 is thus produced from a 
structural element with the reference 40 in FIG. 1. 

0044) The inner platform 3 is produced from a structural 
element with the reference 30. 

0045. The main portions 30 and 40 of the inner and outer 
platforms 3 and 4 are produced in a conventional manner by 
the stacking, pressing and bonding of parts precut from a roll 
of fabric or sheet preimpregnated with resin, on the tools 
with the references 35 and 43 in FIGS. 3 and 4. Several 
prepreg fabric pieces form the structural element 30 and the 
structural element 40. The number of fabric pieces forming 
each structural element 30 or 40 is chosen according to the 
strength and thickness desired. The reinforcing fibers of each 
fabric piece are placed either along the axial direction, or in 
the circumferential direction, or at 450 to them, the direc 
tions of the fibers being specified in a precise operating 
instruction. 

0046) The tools with the references 35 and 43 in FIGS. 
3 and 4 are male parts of imidization molds, the female parts 
of which are not shown in the drawings. 
0047 The blade/platform join regions, with the refer 
ences 6a, 6b in FIG. 2, on the pressure side and suction side, 
are also made in the form of separate structural elements. As 
shown in FIG. 5, each of these join regions is produced by 
rolling a strip of prepreg fabric in the direction transverse to 
the direction of the fibers, this strip being placed in the 
impression of a suitable mold 70 visible in FIGS. 9 and 10, 
and having a cover 71. 
0048. The core of the blades 2a, 2b is also produced by 
stacking strips of fresh prepreg fabric or sheet and is placed 
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between a pressure side tool 80 and a suction side tool 81, 
So as to constitute separate structural elements as shown in 
FG, 2. 

0049. The separate structural elements 30, 40, the blade/ 
platform join regions 6a, 6b and the core of the blades 2a 
and 2b are placed tightly in their tools, as was described 
above. These tools include felts for extracting the volatile 
gases and for flow of the resin. All the tools are placed in one 
and the same polyimide bladder, such as a “Kapton 82 film, 
“Kapton' being a trademark of DuPont, and then all the 
separate structural elements constituting a sector 1 are 
imidized in an autoclave. 

0050. The autoclave imidization cycle depends on the 
type of resin used. 
0051. For polyimides, the temperature is raised, for 
example, from 20° C. to 250° C. at a rate of 0.5°C/min and 
then maintained at a temperature of 250° C. for a period of 
120 minutes. After cooling at a rate of 1° C./min, the parts 
are demolded when the temperature reaches 40° C. A 
relative vacuum of -50 mbar is maintained in the bladder 
throughout the duration of the imidization cycle. FIG. 9 
shows the temperature curve as a function of time. 
0.052. During the imidization cycle, the monomer system 

is converted in particular into a system of dimers and 
trimers. About 80% of the volatile gases are removed during 
this step. 
0053 When the separate structural elements have been 
immiodized and demolded, they are assembled in a specific 
tool by placing a piece of prepreg fabric or sheet between 
two adjacent structural elements, especially between the 
portion 40 of the outer platform 4, or the portion 30 of the 
inner platform 3, and the join regions 6a, 6b of the platforms 
and cores of the blades 2a, 2b. 
0054 Next, external plies of fresh material are draped 
over the pressure and suction faces of the imidized cores of 
the blades 2a, 2b and over the facing surfaces of the inner 
and outer platforms 3, 4. To do this, plies of prepreg fabric 
90.91 precut to the correct dimensions are placed on specific 
tools, as shown in FIG. 11. 
0055. A nonstick film is placed on the drape tools before 
the first plies are placed thereon. 
0056. The drape tools are elements of a mold for the 
curing under high compression of the sector 1 consisting of 
the separate imidized and assembled structural elements and 
of the fresh prepreg sheets placed between the various 
elements and covering those faces of the sector 1 that have 
to define the stream of gas that will flow through the sector 
1 during operation of the compressor comprising an inlet 
guide vane assembly produced from this type of sector. 
0057 During the step of imidizing the separate structural 
elements, most of the volatiles have been removed. 
0.058 During the step of curing the sector 1, only the 
fresh prepreg sheets will give off volatile gases at the start 
of the curing cycle. Since these “fresh' prepreg sheets cover 
a large area of imidized elements, which may be porous, the 
liquefied resin of the fresh prepreg sheets or fabrics will fill 
these pores. 
0059. The temperature-rise curves during curing depend 
on the resin used. If this is a polyimide resin, as shown for 
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example in FIG. 10, the temperature is made to climb from 
20° C. to 250° C. at a rate of 0.5° C./min, this 250° C. 
temperature is then maintained for 3 hours, followed by a 
further temperature rise from 250° to 320° C. at a rate of 1° 
C./min. The temperature is maintained at 320°C. for 1 hour 
and finally the temperature is raised to 360° C. at a rate of 
0.5°C/min followed by a hold for 3 hours at 360° C. The 
cooling takes place in two phases having different cooling 
rates. 

0060. During the first cooling phase, the temperature is 
lowered by 0.5° C./min until a temperature of 220° C. is 
reached, while during the second cooling phase the tem 
perature is lowered at a rate of 3° C./min. 
0061. At the start of the step of imidizing the fresh 
prepreg fabric plies, that is to say during the first phase of the 
curing step, the part is not subjected to any compressive 
force. 

0062. At the end of imidizing the added layers, the part 
is increasingly compressed so that it reaches a pressure level 
(for example 35 bar) sufficient to ensure good curing, when 
the temperature of the part reaches 310° C. This level of 
compression is maintained right to the end of cooling. 
0063. This very high level of compression makes it 
possible for the boundary walls for the gas stream to have an 
excellent surface finish. 

0064. A relative vacuum of -50 mbar is maintained 
throughout the duration of the curing cycle. 

1. A method of producing parts (1) made of a high 
temperature-resistant composite. Such as the Vanes of an 
inlet guide vane assembly, said composite comprising rein 
forcing fibers embedded in a heat-cured polyimide resin 
matrix, said parts (1) having an inner platform (3), an outer 
platform (4) and at least one full blade (2a, 2b) connecting 
said platforms (3, 4), characterized by the following steps: 

a) the essential portions (30, 40) of the platforms (3, 4), 
of the blades (2a, 2b) and of the blade/platform con 
nection regions (6a, 6b) are produced, as separate 
structural elements, by Superposition or winding of the 
layers of prepreg fibers (reinforcing fibers preimpreg 
nated with resin) with the exception of the external 
layers that have to form at least the boundary wall for 
the stream of gases flowing through the guide vanes; 

b) said separate structural elements are imidized; 
c) said separate imidized structural elements are 

assembled; 

d) the external layers of prepreg fibers are added in order 
to form the part; 

e) the part thus formed is placed in a compression curing 
mold/contermold assembly; and 

f) the part is cured by Subjecting it to compressive forces. 
2. The method as claimed in claim 1, characterized in that 

the external layers of fresh prepreg are added by draping the 
pressure side of a blade, and the adjacent portions of the 
faces that face the platforms, with first joining prepreg layers 
and by draping the Suction side of a blade, and the adjacent 
portions of the faces that face the platforms, with second 
joining prepreg layers. 
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3. The method as claimed in claim 1, characterized in that 
the structural elements are imidized by heating them at 0.5° 
C./min with an intermediate hold for 120 minutes at 250° C. 
before cooling. 

4. The method as claimed in claim 3, characterized in that 
the structural elements are subjected to a relative vacuum of 
-50 mbar throughout the duration of the imidization cycle. 

5. The method as claimed in claim 1, characterized in that 
the part (1) is subjected to a compression of 35 bar when its 
temperature reaches 310°C., and this compression is main 
tained until the end of the cooling. 

6. The method as claimed in claim 2, characterized in that 
the structural elements are imidized by heating them at 0.5° 
C./min with an intermediate hold for 120 minutes at 250° C. 
before cooling. 
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7. The method as claimed in claim 2, characterized in that 
the part (1) is subjected to a compression of 35 bar when its 
temperature reaches 310°C., and this compression is main 
tained until the end of the cooling. 

8. The method as claimed in claim 3, characterized in that 
the part (1) is subjected to a compression of 35 bar when its 
temperature reaches 310°C., and this compression is main 
tained until the end of the cooling. 

9. The method as claimed in claim 4, characterized in that 
the part (1) is subjected to a compression of 35 bar when its 
temperature reaches 310°C., and this compression is main 
tained until the end of the cooling. 


